Beta2 (␤2) toxin-producing Clostridium perfringens type A strains were found to be associated with necrotic and hemorrhagic intestinal lesions in 2 Asiatic black bears (Selenarctos thibetanus) that died suddenly. Ten isolates were obtained from the liver, lungs, heart, and small and large intestine of the animals and were examined by multiplex polymerase chain reaction for the genes encoding the 4 lethal toxins (alpha, beta, epsilon, and iota) for classification into toxin types as well as for the genes encoding enterotoxin and the novel ␤2-toxin for subclassification. In addition, the cpb2 sequence of the 10 isolates was different from the published sequence of cpb2 of pig type C isolate CWC245, whereas it was highly similar to the cpb2 sequence of the C. perfringens type A strain 13. This finding suggests the existence of 2 cpb2 subtypes. This is the first report of enterotoxemia associated with the presence of C. perfringens producing ␤2-toxin in the tissues and intestinal content of Asiatic black bears.
Clostridium perfringens is a gram-positive, sporeforming, anaerobic rod responsible for different diseases such as gas gangrene, food poisoning, and diarrhea in humans as well as for enterotoxemia and hemorrhagic gastroenteritis in many domestic and wild animals. This bacterial species can produce 1) four major lethal toxins, namely alpha, beta, epsilon, and iota (␣, ␤, ⑀, ), which are used for toxin typing of the species, 4,13 2) nine minor toxins (or soluble antigens) that may play a role in pathogenicity (delta, theta, kappa, lambda, mu, nu, gamma, eta, and neuraminidase), and 3) the enterotoxin, which is responsible for foodborne illnesses caused by C. perfringens.
The ␣-toxin, encoded by cpa gene, is common to all 5 C. perfringens types (A-E). In addition to the ␣toxin, C. perfringens types B and C both produce the highly necrotizing, lethal ␤-toxin responsible for severe intestinal necrosis. The ␤-toxin is encoded by the cpb gene, which is located on a plasmid. 13, 15 Clostridium perfringens types B and D both contain the etx gene encoding the ⑀-toxin, also located on a plasmid. 13 From Clostridium perfringens type E produces ␣-toxin and -toxin (encoded by iap/ibp gene). Another toxin of C. perfringens of recent identification is the ␤2. 5 The ␤2toxin (encoded by cpb2 gene) has been identified in C. perfringens isolated from piglets with hemorrhagic enteritis and from other animals (horses, calves, lambs, and elephants) sometimes showing hemorrhagic enteritis or diarrhea. 3, 6, 8, 10 The ␤2-toxigenic C. perfringens type A has also been found in fecal samples from clinically healthy reindeer 2 and from wild-caught Atlantic cod (Gadus morhua L.). 1 This note reports the characterization of ␤2-toxigenic C. perfringens type A strains isolated from 2 captive Asiatic black bears (Selenarctos thibetanus) that died suddenly of enterotoxemia.
Two dead Asiatic black bears (GG17/02, GG18/02) with a history of sudden death were submitted to this laboratory. The animals, approximately 7 years of age, had been raised in captivity in the Fasano (Brindisi) Safari Zoo (southern Italy) and belonged to a population of 35 Asiatic black bears. The 2 bears had become ill after receiving a meal of spoiled herring that had been thawed 3 days earlier and kept at room temperature until feeding. The bears developed depression, anorexia, pale mucosae, and bloody diarrhea 24 hours after the meal. One animal died on the third day ␣/cpa 4 5Ј-TGC TAA TGT TAC TGC CGT TGA TAG-3Ј 247 5Ј-ATA ATC CCA ATC ATC CCA ACT ATG-3Ј ␤/cpb 9 5Ј-AAC TTA ACT GGA TTT ATG TCT TCA-3Ј 317 5Ј-ATA GTA GAA AAA TCA GGT TGG ACA-3Ј ␤2/cpb2 8 5Ј-GAA AGG TAA TGG AGA ATT ATC TTA ATG C-3Ј 573 5Ј-GCA GAA TCA GGA TTT TGA CCA TAT ACC-3Ј ⑀/etx 4 5Ј-ATT AAA ATC ACA ATC ATT CAC TTG-3Ј 206 5Ј-CTT GTG AAG GGA CAT TAT GAG TAA-3Ј Enterotoxin/cpe 4 5Ј-ATG TAA TAG ATA AAG GAG ATG GTT-3Ј 163 5Ј-ATA AAT TCA GAA GTA AAT CCA ACT-3Ј * Superscripted numerals are reference citations.
after the index meal and the other bear a week after, with the same clinical signs. Treatment of the second bear with oxytetracycline was not effective. At necropsy, performed on both animals within 6 hours after death, the intestinal mucosa was dark and filled with watery, bloodstained fluid. Macroscopic lesions consisted of necrotic and hemorrhagic enteritis in the small and large intestine, petechial and ecchymotic hemorrhages on myocardium, pale, friable liver, and congested edematous lungs.
From samples of mucosal scrapings of small and large intestines, collected from both animals, gramstained smears were prepared for direct microscopic examination, and 10 optical fields per slide were analyzed at 1,000ϫ magnification. If an average of 12 gram-positive, rod-shaped bacteria were observed per optical field, the mucosal scrapings were cultured. Specimens from the liver, lungs, and heart were also cultured. Aerobic cultures were plated out on 5% sheep blood agar and incubated at 37 C. In addition, tetrathionate broth enrichment a with a subsequent subculture on brilliant green agar was performed to attempt the isolation of Salmonella spp. from all samples. Neither Salmonella spp. nor other aerobic bacteria were isolated from the livers, lungs, and hearts of both the animals, whereas verocytotoxin-negative Escherichia coli were cultured from the large intestine.
Anaerobic culturing was performed on egg yolk agar with D-cycloserine 400 g/ml (tryptose-sulphitecycloserine a ) and 5% sheep blood agar a . Large numbers of C. perfringens were isolated from the liver, lung, heart, and the small and large intestinal mucosal scrapings of both animals. Colonies were identified as C. perfringens, on the basis of black color, lecithinase activity of the ␣-toxin on TSC agar, beta hemolysis on blood agar, and Gram reaction. The colonies were inoculated into fluid thioglycollate medium a (FTG) with D-cycloserine and incubated overnight at 37 C. The overnight cultures were used for DNA extraction. Total DNA was purified using a commercial kit b with minor modifications. In brief, 1 ml of the overnight cultures in FTG a with D-cycloserine was centrifuged for 20 minutes at 13,000 ϫ g in a minifuge. The pellets were suspended in 180 l of ATL tissue lysis buffer b added with 2 mg/ml lysozyme. The suspensions were incubated for 20 minutes at 37ЊC. Twenty-five microliters of proteinase K (20 mg/ml) was then added, and the lysates were incubated for 10 minutes at 56 C. Deoxyribonucleic acid extraction was completed following the manufacturer's instructions b . The DNAs were subjected to multiplex polymerase chain reaction (PCR) analysis to determine toxin genotype (A through D; enterotoxin and ␤2-toxin) as described previously with minor modifications. 4, 8, 9, 11 All the primers used are listed in Table 1 . A single locus PCR with primers 319 and 320 8 specific for cpb2 was also performed for confirmation. Preparation of the reaction mixture and amplification were carried out as described previously. 11 Samples of amplified DNA (8 l) were examined by electrophoresis in a 1.5% (wt/vol) agarose gel.
The C. perfringens reference strains used as controls in this study (ATCC 13124 for cpa; ATCC 12917 for cpa and the enterotoxin cpe gene; ATCC 3626 for cpa, cpb, and etx; ATCC 51880 for cpa and cpb; ATCC 3629 for cpa and etx) were properly recognized by the toxin-typing PCR. As shown in Fig. 1 , a 247-bp PCR product, specific for cpa, 4 was obtained from the DNA of all the C. perfringens strains used as control, regardless of their toxin type. Specific PCR products of 317, 247, 206, and 163 bp were amplified from the references strains representative of the toxin type B, C, D, and A with cpe gene (Fig. 1 ). 4, 9 In addition to the PCR product of 247 bp (specific for cpa), a 573 bp product, 8 which is the size expected for the cpb2specific amplicon, was also produced using the DNA prepared from each of the 10 isolates of C. perfringens (Fig. 1) . Therefore, all the 10 bear isolates were classified as C. perfringens type A and ␤2-toxin positive. Single locus PCR with the cpb2-specific primers con- firmed the results. Because there was no reference strain for the ␤2-toxin gene in this laboratory, the specificity of the PCR results was verified by sequence analysis of the cpb2-specific PCR product. The amplicons were purified through a ultrafree-DA column, c and the sequence was determined using ABI Big Dye chain-terminating reactions and an automated machine (ABI 377). Sequence analysis and editing was carried out using the BioEdit software package. 7 The sequence, registered in GenBank under accession No. AY297455, was compared with the sequences available in the National Center for Biotechnology Information (NCBI) and the European Molecular Biology Laboratory (EMBL) databases, using Basic Local Alignment Search Tool (BLAST) (www.ncbi.nlm.nih. gov/BLAST) and FASTA (www.ebi.ac.uk/fasta33/). Because the sequences of the isolates were identical to each other, the authors considered the isolates from each animal as a single strain, named GG17/02 and GG18/02, respectively. The alignment of the amino acid sequence of the ␤2-toxin of strains GG17/02 and GG18/02 to the reference sequences is shown in Fig.  2 . Interestingly, the cpb2 sequences of the strains GG17/02 and GG18/02 were different from that of pig type C isolate CWC245 (77965) 5 (93.5% nucleotide and 89.00% amino acid similarity), whereas they were highly similar to the cpb2 sequence of the C. perfringens type A strain 13 (AP00315) 12 (99.6% nucleotide, 100% amino acid similarity). This finding supports the existence of at least 2 cpb2 subtypes, even if the apparent linkage between toxin type and ␤2 subtype should be confirmed by analysis of additional isolates. 16 The cpb2 sequences from all the 10 bear isolates were identical to each other, suggesting that the infection in the 2 animals was caused by the same ␤2toxigenic C. perfringens type A strain.
On the basis of the clinical and necropsy observations and the microbiological investigations, there is evidence for a clostridial enterotoxemia in the 2 adult Asiatic black bears because of infection with ␤2-toxigenic C. perfringens type A. The role of C. perfringens type A in enteric diseases and particularly the role of the ␣toxin as a virulence factor is still uncertain. The ␣-toxin is believed to be responsible for massive intravascular hemolysis, anaemia, jaundice, haemoglobinuria, low blood pressure, and cardiac effects, culminating in shock and death. 14 Accordingly, it has been speculated that the enteropathogenicity of C. perfringens might result from high levels of ␣-toxin production. 13 However, the ␣-toxin alone may not account for the development of severe necrotic lesions in the intestines. In this case, the concomitant presence of the ␣and ␤2-toxins would be more consistent with the severity of the lesions observed. However, although the ␤2-toxin gene was detected by PCR, direct presence of the ␤2-toxin in the tissues was not determined, and therefore, it is not possible to establish whether the ␤2-gene was expressed or not. Previous studies in pigs have revealed that virtually 100% of cpb2-positive C. perfringens isolates from ill animals express the ␤2-toxin, suggesting a significant association between cpb2-positive C. perfringens isolates and diarrhea in piglets. 16 Therefore, even if further investigations would be required, the findings of the present study strongly suggest that such toxin may have played a major role in precipitating this severe disease in the bears.
The source of the infection in this disease outbreak remains unknown. It is not clear whether the bears were carriers of the ␤2-toxigenic microorganisms or whether they had ingested clostridial organisms with foodstuff. Because the index meal was not tested for the presence of clostridial organisms or toxin, it is not possible to determine whether the inclusion of partially spoiled meat in the bears' diet was related to the clostridial enterotoxicosis. However, a similar toxin type has been identified in the intestinal contents of healthy Atlantic cod. 1 Because the animals in the zoo usually receive a meal containing frozen herring from the North Sea, it could be hypothesized that the unusual infection described in this report is of foodborne origin. Alternatively, the feeding of spoiled meal may have triggered the overgrowth of C. perfringens already present in the bear's intestine, resulting in the production of extracellular toxins responsible for the enterotoxemia. This is the first report of enterotoxemia associated with the presence of ␤2-toxigenic C. perfringens type A infection in Asiatic black bear. Because the cpb2 is plasmid associated, the spread of ␤2-toxigenic C. perfringens to domestic species or to humans should be considered carefully. The increasing evidence for the worldwide occurrence of the clostridial ␤2-toxin in animals and for its potential pathogenic activity stresses the need for intensifying the surveillance of such bacterial strains.
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